R elative state-to-state cross sections and steric asym m etries have been m easured for the scattering process: O H (X 2n 3/2,v = 0 , J = 3 / 2 , M J = 3 / 2 , f ) + H I (^, v = 0 , J < 4 ) ^O H (X 2n , v = 0 , f t = 1 / 2 , J = 1 / 2 -5 / 2 a n d f t = 3 / 2 , J = 3 / 2 -9 / 2 , e /f ) + H I, at 690 cm -1 collision energy. C om parison w ith the previously studied system s O H -H C l and O H -H B r reveals relevant features o f the potential energy surfaces o f these m olecular system s. Som e m easured differences concerning the internal energy distribution after collision and the propensities for the im pact w ith one or the other side of the O H m olecule in scattering by H Cl, HBr, and H I m olecules are discussed. © 2007 A m erican Institute o f Physics.
I. INTRODUCTION
T he interaction o f the hydroxyl radical w ith hydrogen iodide is expected to cause the m ain gas-phase loss o f H I in the low er m arine atm osphere and to play an im portant role in the chem istry o f iodine, w hich can efficiently catalyze ozone 1 2-5 destruction in the stratosphere and m arine troposphere. T he O H -H I m olecular interaction potential, w hich deter m ines the interplay betw een elastic, inelastic, and reactive processes involved in the collision o f these two m olecules, is not w ell know n so far. T he present experim ental study on state-to-state inelastic scattering of the hydroxyl radical by collisions w ith the H I m olecule can be com bined w ith the previous w ork on the kinetics o f the O H + H I reaction,4-9 to enrich the range of tools for probing the potential energy surface (PES) o f this system . This w ork follow s previous investigations on the rotational inelastic scattering o f the OH m olecule by collisions w ith tw o other halides, H Cl (Refs. 10 and 11) and H B r. 12 T he reactive channel (OH + H I ^ H 2O + I) can b e charac terized by its energy disposal, activation energy, therm al rate constants, and their tem perature dependence as given by the results of various flow -reactor experim ents.4-9 The reported kinetic studies of the O H + H I reaction indicate a large rate coefficient and no significant activation barrier. A m ong the three H X halides, X = Cl, Br, and I, the H I m olecule is found to have the highest room tem perature rate for the reaction w ith the O H radical, in the range of 2 X 1 0 -11-7 X 1 0 -11 cm 3 s-1, and the highest reaction exotherm icity, 199.6 k J/m o l. T he correlation betw een the bond energy of these halides and the rate constants for their reaction w ith O H m olecules indicates that the reactions proceed via H 8 9 atom abstraction. ' Besides their size, the three m entioned 0021-9606/2007/126(12)/124302/8/$23.00 halides differ also by electric dipole m om ents, averaged quadrupole m om ents, and polarizabilities (Table I) Besides the direct H atom abstraction an alternative m echanism is likely to occur, in w hich the O H radical ini- w hereas this is the case for the H side at the reversed po lar ity. Preference for one of these orientations results in a larger m easured scattering cross section.
II. EXPERIMENTAL PROCEDURE
T he A -doublet state resolved population distribution is probed by saturated laser induced fluorescence by exciting the A (22+) -X (2n ) transition at 308 nm. T he 5 ns duration laser pulses, at a repetition rate o f 10 H z, w ith an energy of 0 .5 -0 .8 m J and spectral bandw idth o f 0.45 cm -1, travel p er pendicularly to the m olecular collision plane. T he spatial spreads of the O H and H I beam s at the collision and d etec tion regions are 2 and 9 m m , respectively. A t the crossing of the m olecular beam s the laser beam is 4 m m in diameter.
III. RESULTS

A. State-to-state cross sections
State-to-state cross sections w ere determ ined for OH f t ' , J ' , e ' ^f t " , J " , e " transitions due to the collisions with H I m olecules. T he initially selected state is characterized by the quantum num bers f t" and J", w here both are equal to 3 /2 , and e " = f. T he h alf filled electronic t orbital is m ore perpendicular to the O H rotation plane for the f t = 3 /2 , f and f t = 1 /2 , e states and is m ore in the rotation plane for the f t = 3 /2 , e and f t = 1 /2 , f states. T he total parity is given by ( -1 ) J+1/2 for the f states and ( -1 ) J-1/2 for the e states. D ue to the lack o f differential cross sections needed to characterize the scattering of this m olecular system , the flux to density transform ation is not taken into account in the data analysis. N evertheless, the differences in final internal state energies do not im ply significant differences in the residence tim e of the O H m olecules in the detection volum e and the flux to density transform ation is considered to not have a m ajor e f fect on the presented results at the present experim ental ac curacy. For each collision induced transition f t " , J " , e " ^f t ' , J ' , e ' the relative state-to-state inelastic cross sec tions are given b y 12 
X vrelativen OHn HIdV , Table II . In the collisions w ith HI, the O H m olecules in the state 2n 3/2, v = 0, J = 3 /2 , f are rotation ally excited to both spin-orbit states 2n 3/2 and 2n 1/2, co n serving or changing the state parity, or are slightly deexcited to the low er A -doublet state f t ' = 3 /2 , J ' = 3 /2 , e, changing only the parity. T he highest rotational energy state observed, f t ' = 3 /2 , J ' = 9 /2 , f , is populated by a very sm all am ount of the scattered m olecules, (0.81 ± 0 .6 4 )% . For these m olecules the conversion o f collision kinetic energy to internal rotation energy is 431 cm -1, still considerably below the total avail able energy. T he parity changing collision induced transition, for w hich the energy change is only 0.05 cm -1, presents the largest cross section: (4 1 .6 ± 1.3) % o f the scattered m olecules arrive in the low er A -doublet state. T he relatively large value o f the relative cross section for the transition to the f t ' = 1 /2 , J ' = 3 /2 and 5 /2 e states is due to the fact that it co n sists o f contributions from excitations to both these rotational states, probed by transitions unresolved w ithin the laser bandw idth. A s given by Eq. (2b) the quantity F out( f t " , J " , e " ) , i.e., the denom inator in Eq. (1), is the sam e for all the final states probed, b u t it can differ from system to system . Therefore, for the com parison am ong O H -H X system s the ratios o f the m easured cross sections to the cross section for the transition to the f t ' = 3 /2 , J ' = 3 /2 , e states are considered:
FIG. 2. Ratios, p(fì', J ', e ') (%), of the absolute state-to-state cross sec tions and the absolute cross section for the transition to the fì' = 3/2, J ' =3/2, e state of OH (X 2n , y = 0, fì" = 3/2, J"=3/2, ƒ) in collisions with HI at 690 cm-1 collision energy (triangles), with HBr at 750 cm-1 collision energy (circles), and with HCl at 920 cm-1 collision energy (squares), for the tran sitions to the (a) f ì' = 3/2 states and (b) f ì' = 1/2 states. The error bars cor respond to one standard deviation. p ( i ' , J ', e ') =^r e l(ft', J ', e ') a-rel(3 /2 ,3 /2 ,e ) X 100(% ).
A ssum ing that the product vrelativenOHn HX is constant over the entire detection volum e the resulting ratios, p ( i ' , J ' , e '), are the ratios o f the absolute state-to-state cross sections for the transition to each probed state to the absolute cross sec tion for the transition to the i ' = 3 /2 , J ' = 3 /2 , e state. These ratios are show n graphically in Fig. 2 
B. Steric asymmetries
In order to orient the state selected O H m olecules p aral lel or antiparallel to the relative velocity vector of the O H -H I system the electrostatic field is sw itched on betw een the four rods in the collision region. E ither the O or the H side is turned tow ard the H I m olecule depending on the po-larity o f the rods. T he degree o f orientation is given by the average value o f the angle betw een the m olecular axis and the axis of the external field:11 duces an averaged orientation |(cos(0))| = 0.55, w ith the high field lim it o f 0.6.11 A t this field the parity m ixing is still w eak, allow ing for the labeling o f the states using the fieldfree parity notation.
T he state-to-state steric asym m etry used to quantify the effect o f the O H m olecules orientation on the scattering p ro cess is defined as follows: 
A s hydrogen atom transfer reactions they constitute a step in com putational com plexity from atom -diatom to diatomdiatom system s. A ccording to the kinetic and photochem ical data given by the IUPAC Subcom m ittee for G as K inetic D ata E valuation,20 reaction (8a) presents a therm al rate at 298 K of (7 .8 ± 0 .1 ) X 10-13 cm 3 m ol-1 s-1, w hich increases w ith the tem perature. Conversely, for reactions (8b) and (8c) the ther mal rates decrease w ith an increase in tem perature. A t 298 K, rate constants o f (1.1 ± 0.1) X 10-11 and ( F or all three system s O H ( X 2n 3/2,v = 0 , J = 3 / 2 , f ) + H X w e tried to observe the atom ic reaction product X = Cl, Br, and I by applying (1 + 1 ') or (2 + 1 ) R E M PI using the transitions given in Table IV . T he vuv radiation w as p ro duced by the third harm onic generation in X e or K r o f the neodym ium doped yttrium alum inum garnet pum ped dye la ser output, operating w ith the dyes L D 700 or LD 750 and subsequently doubled in frequency (^6 m J/p u lse) or w ith stilbene 3 (25 m J/p u lse). The U V radiation (^3 m J/p u lse at 266 nm and ^5 m J/p u lse at 305 nm) was obtained by fre quency doubling in a B eta-B arium -B orate crystal o f the dye laser output using the C 153 and SR 640 dyes. For the B r and I atom s detection o f the laser was only w eakly focused in order to increase the detection volum e and to reduce the background atom signal due to the photodissociation of the hydride. In order to detect the ionized atom s w e em ployed the velocity m ap im aging detection m ethod, such that the products o f the reaction and the photolysis could b e sepa rated by their kinetic energy. U nfortunately, sum m ations of im ages up to 150 000 shots did not reveal a reaction signal thus far. Since the m easurem ent m ethods w ere different for the inelastic and the reactive scattering, an upper lim it for the cross sections for these reactive channels could not be d e rived. /2 , f and = 1 /2 , e states is re vealed. T he ^' = 3 /2 , f and ^' = 1 /2 , e states correspond to the sam e electronic configuration w ith the unpaired elec tronic orbital antisym m etric w ith respect to a reflection in the m olecular rotation plane. In collisions w ith HI, the O H m o l ecules exhibit a tendency to retain this configuration above changing it into the orbital configuration sym m etric w ith re spect to the reflection in the m olecular rotation plane. This is in agreem ent w ith the very sm all cross sections m entioned above. It is expected that the interm olecular interactions b ased on the electric quadrupole m om ent and polarizability (Table I) (Table I) 
IV. DISCUSSIONS
V. SUMMARY
State-to-state rotationally inelastic cross sections and steric asym m etries for the hydroxyl radical in collisions w ith hydrogen iodide have been m easured in a crossed m olecular beam experim ent. T he differences in m ass, size, electric m o m ents, and polarizability o f the chlorine, brom ine, and iodine hydrides are reflected in the experim ental results presented. A com parison am ong the three m olecular system s points to w ard rich PES landscapes that are not yet com pletely known. Findings from previous kinetic reports and im proved calcu lations are used as support for a qualitative discussion of the anisotropy o f the O H -H X (X = Cl, Br, and I) interaction p o tentials. 
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